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Evidence that alterations in distal sodium delivery and
distal sodium avidity affect the rate of excretion of an
acute HC1 load
NEIL SMITHLINE with the technical assistance of LAURENCE A. MEEKS
Nephrology Section, Department of Medicine, Arizona College of Medicine, and Veterans Administration Hospital, Tucson,
A rizona
Evidence that alterations in distal sodium delivery and distal so-
dium avidity affect the rate of excretion of an acute HCI load. In
these experiments, two groups of animals were studied to evaluate
the effect of altering renal tubular sodium-handling on the excre-
tion of an acute HCI load. In group I, normal salt animals hypo-
tonically expanded with antidiuretic hormone (ADH) (using a
protocol known to stimulate aldosterone) presented large amounts
of sodium to the distal tubule and excreted an acute HCI load
much more efficiently than did animals pretreated with either a
normal (NL) or low (LO) salt diet alone. In group II, 24 hr after
acid-loading, the plasma bicarbonate concentrations were signifi-
cantly lower in animals pretreated with sodium restriction plus
furosemide (F) than in those maintained on a normal (NL) or
high (HI) salt diet alone. Acid excretion was maximized (ADH)
when distal sodium avidity was stimulated in the presence of
adequate distal sodium delivery and minimized (F) when distal
sodium delivery was limited (despite possible augmentation of
distal sodium avidity). Alterations in urinary sodium excretion
alone (LO, NL, HI) did not affect the rate of acid excretion. These
data are compatible with the hypothesis that the excretion of an
acute HCI load is mediated by existing levels of distal sodium
delivery and distal sodium avidity.
Preuve de ce que des modifications du debit de sodium délivré au
distal et de l'avidité distale pour le sodium intluencent les modalités
d'excrétion d'une charge aiguë d'HCI. Deux groupes d'animaux ont
été étudiés, dans ces experiences, afin d'évaluer l'efl'et de modifica-
tions du comportement renal du sodium sur I'excrétion d'une
charge aigue en HCI. Dans Ic groupe I, des animaux normaux
subissent une expansion hypotonique au moyen d'hormone anti-
diurétique (ADH) et selon un protocole connu pour stimuler
l'aldostérone. Dc grandes quantités de sodium sont alors délivrées
au tube distal et La charge aiguë d'HCI est excrCtée plus efficace-
ment que chez des animaux pré-traités seulement par un régime
normal en sd (NL) ou pauvre en sel (LO). Dans Ic groupe II, 24
heures après une charge acide les concentrations plasmatiques des
bicarbonates sont significativement plus basses chez les animaux
pré-traités par une restriction de sodium et du furosémide (F) que
chez les animaux maintenus a un régime normal (NL) ou riche en
sd (HI). L'excrétion d'acide est maximale (ADH) quand l'avidité
distale pour Ic sodium est stimulée en presence d'une charge distale
adequate, et minimale (F) quand Ia charge distale est faible (malgré
une augmentation possible de l'avidité). Les seules modifications
de l'excrétion urinaire de sodium (LO, NL, HI) n'affectent pas le
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debit d'excrétion des acides. Ces résultats sont compatibles avec
l'hypothèse que l'excrCtion d'une charge aiguë d'HCI est modulée
par le debit de sodium distal et l'avidité distale pour le sodium.
The homeostatic mechanisms responsible for acid-
base regulation are poorly understood. Most higher
animals adequately excrete alkaline or acid loads, but
it is uncertain whether this results from changes in
blood or intracellular pH, or from subtle changes in
extracellular fluid volume and resulting alterations in
renal tubular sodium-handling.
During bicarbonate-loading, reabsorption of this
anion is now known to be a volume rather than Tm-
mediated phenomenon [1, 2]. In addition, recent
studies suggest that during chronic mineral acid feed-
ing, urine acid excretion is related to extracellular
fluid volume [3}. It is modulated further by the
amount of sodium reaching the distal tubule and by
the propensity for sodium reabsorption (in exchange
for hydrogen and potassium ions). Together, these
factors have been termed distal sodium delivery and
distal sodium avidity [4].
The present studies were undertaken to evaluate
the effect of distal sodium delivery and distal sodium
avidity on the urinary excretion of an acute acid load.
The design permitted independent manipulation of
these factors by creating different chronic steady-
states of sodium balance and extracellular fluid vol-
ume. An acute hydrochloric acid load was then fed to
the animals and acid-base parameters followed over
the next twenty-four hours.
Methods
Forty-five studies were performed on 15, awake,
female, mongrel dogs weighing between 14 and 24 kg.
The animals were divided into two groups, as de-
scribed below, and after a four, day, prefeed, were tube-
fed a hydrochloric acid load. Changes in blood and
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urine composition were monitored at intervals over
the next 24 hrs,
All animals received 30 g/kg of body wt of a syn-
thetic diet and a total of 77 mi/kg of body wt of water
on each day of the prefeed and on the study day. The
composition of the diet, by weight, was 10 parts
casein; 6 parts hydrogenated vegetable shortening
(Crisco® ); 5.5 parts dextrose, U.S.P.; 1.2 parts
starch gum agar; and 40 parts of distilled water. One
hundred grams of diet, by analysis, contained ap-
proximately 1 mEq of sodium, 0.3 mEq of potassium,
and 2 mEq of chloride. In all studies, the daily diet
was supplemented with 2.5 mEq/kg of body wt of
potassium as neutral potassium phosphate.
On the study day, the bladder was catheterized and
emptied by manual compression, followed by two 50-
cc air rinses. A femoral arterial blood sample was
obtained, and the animal was tube-fed a mixture of
the diet and 3.5 mEq/kg of body wt of hydrogen ion
as hydrochloric acid in two divided doses one hour
apart. Blood and urine samples were collected at 2, 4,
6, and 8 hr. The animal was then placed in a meta-
bolic cage where an overnight 16-hr urine specimen
was collected under oil. The following morning the
remainder of the 16-hr urine sample was obtained by
bladder catheterization, and a final (24-hr) blood
specimen was collected.
Study protocols. Two groups of animals were stud-
ied: there were 7 dogs in group I and 8 in group II. In
each group three different study protocols were em-
ployed in each animal. A minimum of two weeks
elapsed between studies, and the order of the pro-
tocols was varied in each animal.
Group Istudies
A) Low NaCl (LO): The daily diet was not supple-
mented except as outlined in the preceding.
B) Normal NaCI (NL): The daily diet was supple-
mented with 2.5 mEq/kg of body wt of sodium as
NaCI.
C) ADH + normal NaC1 (ADH): The daily diet
was supplemented with 2.5 mEq/kg of body wt of
sodium as NaCl. In addition, each animal received
vasopression (Pitressin® Tannate in Oil, Parke-
Davis, Detroit, Ml), 5 units subcutaneously, twice
daily on prefeed days 2, 3, and 4, as well as on the
study day.
Group llstudies
The data from group I suggested that the enhanced
net acid excretion noted in the ADH study was re-
lated to volume expansion or increased sodium excre-
tion. The HI (high NaCl) study of group II was
designed to separate these factors: the F study (low
NaCI + furosemide) to evaluate the possibility that
diminished acid excretion would accompany a
greater degree of volume contraction than that in-
duced by a low NaCl diet alone (LO). The NL study
(normal NaCl) served as a control.
A. Low NaCl + furosemide (F): The daily diet was
not supplemented except as outlined in the preceding;
however, each animal received furosemide (Lasix®,
Hoechst Pharmaceuticals, Sommerville, NJ), 20 mg
i.m. on prefeed days 1 and 2. On prefeed day 2,
the arterial CO2 content was measured and a small
amount of HC1 was added to that day's diet to titrate
the total CO2 content down to the control range. In
no instance did any animal receive this HCI less than
68 hr prior to the beginning of the study. In addition,
preliminary studies demonstrated that plasma bi-
carborate concentration was stable during the 48 hr
prior to the beginning of the study.
B. Normal NaCI (NL): The daily diet was supple-
mented with 2.5 mEq/kg of body wt of sodium as
NaCl. This protocol was identical to the NL study in
group I.
C. High NaCI (HI): The daily diet was supple-
mented with 5.0 mEq/kg of body wt of sodium as
NaCl.
Dogs were accepted for study only if the control
plasma total CO2 content on a normal salt diet was
between 18 and 22 mEq/liter.
Analytical methods. All blood specimens were col-
lected anaerobically-in heparinized glass syringes, im-
mediately analyzed for pH, and then placed under oil
until total CO2 analyses were completed. Catheter-
ized urine specimens were collected in a glass beaker
and immediately aspirated into a syringe, which was
then capped. Observations in our laboratory, and
that of others [5], have indicated that the pH and Pco2
are identical, whether or not the catheterized urine
sample is collected under oil, so long as the urine is
immediately aspirated into a closed syringe.
The pH of blood and urine was determined anae-
robically at 39°C (Radiometer Co., PHM 27, with
capillary microelectrode, Copenhagen, Denmark).
Total carbon dioxide content of plasma and urine
was determined using an autoanalyzer (Technicon,
Technicon Co., Inc., Tarrytown, NY) by a modifica-
tion of the technique of Gambino and Schreiber [6].
Each run of the automated analysis of total CO2
content was monitored by duplicate determinations
of a randomly chosen plasma specimen, using the
manometric method of Van Slyke and Neill. A differ-
ence of less than 1 mEq/liter was acceptable. CO2
tension and bicarbonate concentration were calcu-
lated from the Henderson-H asselbalch equation us-
ing a pK' of 6.10 and solubility coefficient of 0.0301
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for plasma and 0.0309 for urine. Sodium and potas-
sium concentration were determined by flame pho-
tometry with lithium internal standard. Chloride con-
centration was determined by the method of Cotlove
and Nishi [7] and osmolality measured by freezing
point depression, using the Osmette A (Precision Sys-
tems, Inc., Newton, MA).
Creatinine concentration was determined using a
modification of the Technicon autoanalyzer adap-
tion of the technique of Folin and Wu [8], which
increased the precision of plasma creatinine determi-
nations by expanding by threefold the 0 to 1 mg/l00
ml reading range.
The Technicon autoanalyzer was used to measure
plasma and urine phosphate concentration by the
method of Fiske and Subbarow [9] and urine am-
monia by the method of Logsdon [10]. Titratable
acidity was calculated from the urinary phosphate
using a pK of 6.8. Net acid excretion was calculated
as the sum of urinary titratable acidity plus ammonia
minus bicarbonate. Electrolyte content of the diet
was determined on nitric acid extracts.
Statistical methods. Mean hydrogen ion concentra-
tion for each group of data was calculated by con-
verting each pH determination to hydrogen ion con-
centration and averaging the values. The mean 24-hr
endogenous creatinine clearance was calculated by
averaging the values of the five collection periods.
Analysis of variance was used to evaluate differences
among the three studies in each group [11]. Student's
test for paired data was used to evaluate differences
within each study [12]. Unless otherwise noted, the
term "significant" indicates a difference with a P
value of less than 0.05.
Results
Control and experimental values for groups I and
II are shown in Figs. I through 5 and Tables 1 and 2.
All values are expressed as mean + SEM.
GroupI
Control plasma observations (Table 1). Control
plasma observations, obtained after the four-day pre-
feed period and immediately prior to the administra-
tion of the hydrochloric acid load, demonstrated no
significant difference in plasma bicarbonate or blood
hydrogen ion concentration between the NL and LO
studies. The mean control plasma bicarbonate con-
centration of 20.1 mEq/liter in the NL study was
greater than that of 18.6 mEq/liter in the ADH study
(P < 0.025). Also, the mean control Pc02 (arterial) of
34 mm Hg in the NL study was greater than both that
of 32 mm Hg in the LO study (P < 0.005) and that of
29 mm Hg in the ADH study (P <0.001).
The diminished levels of P02 (arterial) and hydro-
gen ion concentration in the ADH study indicate the
presence of chronic respiratory alkalosis, a finding
previously reported with chronic Pitressin adminis-
tration [3].
There was no significant difference between the NL
and LO studies with respect to mean control plasma,
sodium, potassium, or chloride concentration. In the
ADH study, however, mean plasma, sodium, and
chloride concentration were each lower (P < 0.001)
Table 1. Group I: Plasma composition before and after HC1 administration2
Study
Control
HCO3
,nEq/liter
HcO3-, mEq/liter Control H
nEq/liter
H,nEq/1iter
Control
O2
(arterial)
mrnHg
z Po,mm Hg
(arterial)
4 hr 24 hr4 hr 24 hr4 hr 24 hr
NL 20.1 0.3 —3.3 0.7 —1.9 0.3 41 0.7 5 1.4 1 + 0.7 34 + 0.6 —2 0.7 —2 + 0.3
P (NL vs. LO)" <0.025 <0.005 <0.05
LO 19.2 + 0.6 —3.0 + 0.7 —2.2 0.6 39 0.8 7 + 0.9 4 1.0 32 0.7 —0.2 0.8 —0.9 0.6
P (LO vs. ADH) <0.005 <0.001 <0.01
ADH 18.6 0.6 —2.8 0.9 0.3 0.8 38 0.9 5 1.1 0.3 0.8 29 0.5 —1 1.2 0.6 1.3
P(ADHvs.NL) <0.025 <0.01 <0.005 <0.001 <0.025
Study
Control Na4-
mEq/liter
mEq/liter Control K
mEq/liter
mEq/liter Control Cl
,nEq/liler
Cl-, mEq/liter
4 hr 24 hr4 hr 24 hr 4 hr 24 hr
NL 150+0.7 —2±1.3 —2+1.5 4.1±0.1 0+0.1 —0.3±0.1 113±0.9 2±0.8 2±0.3
P(NL vs. LO) <0.025
LO 149 + 1.2 —3 0.8 —l 1.2 3.9 + 0.1 0.5 0.1 —0.1 + 0.1 110 + 1.9 0.1 0.8 2 0.9
P(LOvs.ADH) <0.001 <0.05 <0.001 <0.05
ADH 125 + 2.8 —3 0.8 0.9 2.4 3.6 0.1 0.1 + 0.1 0 + 0.2 89 2.0 2 + 1.5 I 2.3
P(ADH vs. NL) <0.001 <0.025 <0.001
2 Each value represents the mean (± sEM)of seven studies. values indicate changes from control induced by HCI administration. Abbrevia-
tions of study groups are defined in text.
Only significant P values are shown.
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than those in the NL and Lo studies. The mean
control plasma osmolality of 251 mOsm/kg of body
wt in the ADH study was less than both that of 304
mOsm/kg in the NL study (P < 0.001) and that of
303 mOsm/kg in the LO study (P < 0.001), thus
confirming the presence of hypotonic dilution in the
ADH study. The mean control plasma potassium
concentration of 3.6 mEq/liter in the ADH study was
lower than that of 4.1 mEq/liter in the NL study (P <
0.025).
Changes induced by the administration of hydro-
chloric acid. Figure 1 illustrates the changes in plasma
bicarbonate concentration and urinary electrolyte
composition induced by the feeding of HCI to a rep-
resentative dog in the NL, LO, and ADH state, In
this animal, as in all others, there was a prompt and
significant fall in plasma bicarbonate concentration
due to the HCI-induced metabolic acidosis, which in
the three studies was followed by varying degrees of
correction. In the NL and LO studies significant aci-
dosis persisted at 24 hr, whereas the plasma bicarbo-
nate concentration had returned to control levels in
the ADH study. This was reflected by the greater
degree of net acid excretion in the ADH study.
Urinary sodium and potassium excretion were gener-
ally greater in the ADH study.
Plasma observations: In each study, the mean
plasma bicarbonate concentration had fallen signifi-
cantly and the mean plasma hydrogen ion concentra-
tion had risen significantly by 4 hrs after the ad-
ministration of hydrochloric acid. By 24 hr, the mean
plasma bicarbonate concentration remained below
control in the NL (—1.9 mEq/liter, P < 0.001) and
LO (—2.2 mEq/liter, P < 0.02) studies, but not in the
ADH (0.3 mEq/liter) study (Student's t test for
paired data). Figure 2 shows the decrement in plasma
bicarbonate concentration 24 hr after the administra-
tion of the acid load in each animal in all three
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Fig. 2. Group 1: Change in plasma bicarbonate concentration from
control in each animal 24 hr after administration ofHCl. The mean
decrement in plasma bicarbonate concentration was significantly
greater in the NL and LO studies than in the ADH study.
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Fig. I. Serum bicarbonate concentration and urinary electrolyte
composition in a representative animal from group I. In the A DI-!
study, enhanced acid excretion was accompanied by the return of
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studies. Although there was no significant difference
in the mean decrement in plasma bicarbonate con-
centration between the NL and LO studies in each
case, this was different from the slight increment
noted in the ADH study (P < 0.01, from NL; P <
0.005, from LO). Changes in blood hydrogen ion
concentration reflected a similar trend. The 24-hr
mean delta blood hydrogen ion concentration of 1
nEq/liter in the NL study was less than that of 4
nEq/liter in the LO study (P <0.025), but not signifi-
cantly different from that of 0.3 nEq/liter in the
ADH study. The values for the ADH and LO studies
were also different from each other (P < 0.001).
Four hours after the administration of the hypo-
tonic diet and HCI mixture, the plasma sodium con-
centration had decreased, while the plasma chloride
concentration had increased. At 24 hr, there was no
significant difference in the mean delta plasma so-
dium, potassium, or chloride concentration.
The hematocrit fell in each study as expected; how-
ever, the mean fall in hematocrit was not significantly
different among the three studies.
The mean 24-hr endogenous creatinine clearance
of 69 mI/mm in the NL study was not significantly
different from that of 72 mI/mm in the LO group;
however, each was significantly less than that of 83
mI/mm in the ADH study.
Urinary changes: Figure 3 illustrates the mean
(+sEM) cumulative 24-hr urinary net acid and elec-
trolyte excretion in each study. The mean 24-hr
urinary net acid excretion of 131 mEq in the NL
study was not significantly different from that of 129
mEq in the LO study; however, each was less than
that of 183 mEq in the ADH study (P < 0.001), This
difference was attributable to enhanced NH3 excre-
tion in the ADH study; there was no significant dif-
ference among the three studies with respect to titra-
table acid excretion. The 24-hr cumulative urinary
sodium excretion of 9 mEq in the LO study was less
than both that of 37 mEq in the NL study (P <0.001)
and that of 76 mEq in the ADH study (P < 0.005).
There was no significant difference between the ADH
and NL studies. There were no significant differences
between the LO and NL studies.
There was no significant difference between the
mean cumulative urinary potassium or phosphate ex-
cretion between the NL, LO, and ADH studies at 24
hr.
The 24-hr mean cumulative urinary chloride excre-
tion of 139 mEq in the ADH study was greater than
that of 61 mEq in the LO study (P < 0.01), but not
significantly different from that of 92 mEq in the NL
study. There was no significant difference between the
LO and NL studies.
Net acid Na Cl
Fig. 3. Group I: Mean (+ SEM) cumulative 24-hr urinary net acid and
electrolyte excretion. Net acid excretion was significantly greater in
the ADH study than either the NL or LO studies.
Group II
Control plasma observations (Table 2). Prior to the
administration of the hydrochloric acid load, there
was no significant between the NL and HI studies.
Although the mean control plasma bicarbonate con-
centration of 20.3 mEq/liter in the F study was only
slightly greater than in the other studies, this differ-
ence of 1.0 mEq/liter from the NL study (P < 0.01)
and 1 .4 mEq/liter from the HI study (P <0.001) was
significant in both instances. The mean control blood
hydrogen ion concentration of 39 nEq/liter in the F
study was less than that of 41 nEq/Iiter in the HI
study (P < 0.025), while the mean control Pco2 (arte-
rial) levels in all three studies were indistinguishable.
There was no significant difference among the three
studies with respect to mean control plasma sodium
or potassium concentration. The mean control
plasma chloride concentration of 107 mEq/liter in
the F study was lower than that of 112 mEq/liter in
the NL study (P < 0.001) and that of 114 mEq/liter
in the HI study (P <0.001).
Changes induced by the administration of hydro-
chloric acid. Plasma observations: As in group I, the
feeding of hydrochloric acid produced a significant
fall in plasma bicarbonate concentration and a signif-
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Table 2. Group 11: Plasma composition before and after HCI administrationa
Study
Control
HCO3
mEq/liter
HCO , mEq/lizer Control H
nEq/liter
H, nEq/Iiter P02(arterial)
4 hr 24 hr mmHg
P, nimHg (arterial)
4 hr 24 hr 4 hr 24 hr
NL 19.3±0.5 —4.3±0.3 —2.2+0.4 40+0.6 9+0.7 2±0.3 32± 1,0 —2+0.4 —2 0.5
P(NLvs. H1)h
HI 18.9 + 0.4 - 3.6 0.4 -1.4 + 0.4 41 0.7 8 + 1.0 2 0.6 32 0.6 — I 0.7 —1 0.5
P(HI vs. F) <0.001 <0.05 <0.001 <0.025 <0.001
F 20.3 —-4.5±0.5 —3.9±0.5 39 7±0.9 6±1.2 33+ 1.0 —2+0.8 —3 0.7
P(F vs. NL) <0.01 < 0.005 <0.005
Study
Control Na
mEq ;Iftcr
mEq/liter
4 hr 24 hr
Control K
niEq /liter
mEq/Iiter Control Cl
4 hr 24 hr oiL'q/liler
mEq/liter
4 hr 24 hr
NL 150± 1.7 —4+ 1.0 —3± 1.1 3.9+0.1 0.4±0.1 —0.1+0.1 112±0.8 2+0.9 I + 0.5
P(NLvs. HI)
HI ISO 1.0 ---3 + 0.6 —3 + 0.4 4.0 + 0.1 0.2 + 0.1 —0.2 0.1 114 + 1.1 2 + 0.9 0 + 0.5
P(HI vs. F) <0.025 <0.001 <0.05 < 0.001
F 148 + 1.1 —4 + 1.2 —3 + 1.1 4.1 + 0.1 0.1 + 0.2 0.2 0.! 107 1.0 —0.1 0.7 4 0.9
P(F vs. NL) <0.05 <0.001 <0.05 < 0.01
° Each value represents the mean (± seNt) of eight studies. values indicate changes from control induced by HCI administration. Abbrevia-
tions of study groups are defined in text.
Only significant P values are shown,
icant rise in blood hydrogen ion concentration at four
hours.
At 24 hr, both the mean delta bicarbonate and
delta hydrogen ion concentration data indicate a sig-
nificantly greater degree of acidemia in the F study
than in either the NL or HI studies. Figure 4 depicts
the 24-hr delta plasma bicarbonate concentration for
each animal. The mean decrement in plasma bicarbo-
nate concentration of 3.9 mEq/liter in the F study
was greater than both that of 2.2 mEq/liter in the NL
study (P < 0.005) and that of 1.4 mEq/liter in the HI
study (P < 0.001). Similarly, the increase in blood
hydrogen ion concentration of 6 nEq/liter in the F
study was greater than that of 2 nEq/liter in both the
NL (P < 0.005) and HI studies (P < 0.001). There
was no significant difference in either 24-hr delta
hydrogen ion or delta bicarbonate concentration be-
tween the NL and HI studies. There was no signifi-
cant difference in delta P02 (arterial) detected among
the three studies.
As noted in group I, the plasma sodium concentra-
tion fell slightly after the administration of the diet
and HC1 mixture, the rate of fall being similar in all
these studies. By 24 hr, there was a mean increase in
plasma potassium concentration of 0.2 mEq/liter in
the F study which was significantly different from the
mean fall of 0,2 mEq/liter in the HI study (P <
0.025) and that of 0.1 mEq/literin the NL study (P <
0.05). At 24 hr, the mean delta plasma chloride con-
centration of 1 mEq/liter in the NL study and 0
mEq/liter in the HI study were not significantly dif-
ferent from one another but were each significantly
less than the mean increase of 4 mEq/liter in the F
study.
As in group I, the mean hematocrit concentration
fell during each study, but there was no significant
difference in the magnitude of the fall among the
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Fig. 4. Group II: Change in plasma bicarbonate conceniration from
control in each animal 24 hr after administ ration of HC1. The mean
decrement in plasma bicarbonate concentration was significantly
grcatcr in the F study than either the NI. or HI studies.
.
S
S
S
.
Effect of sodium reabsorption on HC/ excretion 187
three studies. The mean 24-hr creatinine clearance of
60 mI/mm in the NL study was not significantly
different from that of 56 mI/mm in the HI study, but
was significantly greater than that of 54 mI/mm in the
F study.
Urinary changes: As shown in Figure 5, the mean
24-hr cumulative net acid excretion was similar in the
three studies: 120 mEq in the NL study, 118 mEq in
the HI study, and 106 mEq in the F study.a The mean
24-hour cumulative sodium excretion of 46 mEq in
the NL study was greater than that of 4 mEq in the F
study (P < 0.001) and less than that of 72 mEq in the
HI study (P < 0.025). At 24 hr, the mean cumula-
tive potassium excretion of 62 mEq in the NL study
and 57 mEq in the HI study, while not different from
each other, were each greater than that of 37 mEq in
the F study (P < 0.001). The mean 24-hr cumulative
chloride excretion of 96 mEq in the NL study was less
than that of 128 mEq in the HI study (P <0.025) and
greater than that of 27 mEq in the F study (P <
0.001). There was no significant difference in the rate
of phosphate excretion among the three studies.
Discussion
These studies demonstrate that the pre-existing
state of extracellular fluid volume and tonicity plays a
significant role in regulating the rate of excretion of
an acute hydrochloric acid load. In addition, they
appear to support the recently proposed hypothesis
of De Sousa et al [4] that the excretion of a mineral
acid load is mediated by the level of distal sodium
delivery and distal sodium avidity. This conclusion is
supported by observations in both groups I and II.
In group I, the ADH protocol resulted in a state of
hypotonic volume expansion (mean control plasma
sodium concentration, 125 mEq/liter). This model of
four days of vasopressin administration was chosen
because previous studies using an identical protocol
demonstrated not only similar changes in plasma
composition, but also significant increases in body
weight as well as plasma and urinary aldosterone
levels [13]. In the present studies, 24 hr after acid-
feeding, net acid excretion was significantly enhanced
in the ADH study (P < 0.01). Thus, in the presence
of adequate distal sodium delivery (mean 24-hr urine
sodium excretion of 72 mEq) and enhanced (aldoste-
rone-mediated) distal sodium avidity, acid excretion
was maximized.
The studies in group II were designed to permit
evaluation of the effect, on acid excretion, of greater
volume depletion (F) than that induced by low NaCL
diet (LO) alone, and greater sodium excretion (HI)
than accomplished in the NL study. In the F study,
the significantly lower creatinine clearances suggest
that volume contraction had been induced by furose-
mide. As shown in Table 2 and Figure 4, in this state,
the animals' ability to defend against the acid load
was compromised. Twenty-four hours after acid-
feeding, the decrease in plasma bicarbonate concen-
tration and increase in blood hydrogen ion concen-
tration were each significantly greater in the F than in
the NL and HI studies. We believe that the pro-
tracted acidosis in the F study truly reflects dimin-
ished net acid excretion. It is likely that the volume
depletion induced by furosemide enhanced proximal
sodium reabsorption [14], and thereby diminished
distal sodium delivery. Thus, we argue that, despite
adequate or perhaps augmented distal sodium avid-
ity, the diminished delivery of substrate to distal cat-
ion exchange sites constrained sodium-hydrogen ex-
change and retarded recovery from acidosis. The
significantly lower level of potassium excretion in the
F than in either the NL or LO studies (at a time when
the plasma potassium level was equal to or greater
than that noted in the other studies) additionally
supports this conclusion.b
It is unlikely that alterations in extracellular fluid
volume alone mediate acid excretion since previous
studies have demonstrated that intact chronically
acidotic dogs correct their acidosis when volume ex-
panded with pitressin and water, whereas adrenalecto-
mized animals (receiving fixed amounts of mineralo-
corticoid) do not [13]. Similarly, the absence of a
detectable difference in acid-base parameters among
the LO, NL, and HI studies suggests that neither
dietary sodium intake, nor urinary sodium excretion
per se [which was increased from a level (LO) at
which virtually all of the presented sodium was re-
claimed to one (HI) at which a mean of 72 mEq was
excreted], is the prime mediator of acid excretion. If
° The observed difference in plasma bicarbonate concentration at
24 hr between the NL and F studies (1.7 mEq/liter), when
extrapolated to an apparent bicarbonate space of distribution of
50% of body weight, suggests that 16.5 additional mEq of hydro-
gen ion (1.7 >< 19.4/2 kg) had been retained in the F study. The
measured difference in mean cumulative net acid excretion was
14 mEq, which implies that the greater degree of acidemia and
hypobicarbonatemia noted in the F study do, in fact, reflect
diminished net acid excretion.
' These data are not incompatible with the micropuncture studies
of Malnic, Klose, and Geibisch in which they demonstrated that
the delivery of sodium to the distal tubule is never sufficiently low
enough to limit the amount of postassium secreted by that seg-
ment [15, 161. As shown by Vander [17], the continued availabil-
ity and reabsorption of sodium in the collecting duct is necessary
to retain secreted potassium in the lumen. Thus, in states of
diminished delivery of sodium to the distal nephron, the net
excretion of potassium may be decreased.
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bule to reabsorb that sodium ion. The elucidation of
the exact factors which control distal sodium delivery
and distal sodium avidity (other than aldosterone),
however, will require further studies.
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Fig. 5. Group Ii: Mean (+ SEM) cumulative 24-hr urinary net acid
and electrolyte excretion.
arterial blood pH were a significant modulator of
hydrogen ion excretion, then the slight but significant
degree of alkalemia noted before acid-feeding in both
the F and ADH studies should have similarly
brought about (presumably diminished) acid excre-
tion in both studies. The present data do not support
this, since correction of the acidosis was impaired in
the F study, while it was enhanced in the ADH study.
These studies are in accord with the clinical obser-
vation that patients with the syndrome of in-
appropriate antidiuretic hormone secretion demon-
strate marked dilution of plasma sodium and
chloride, but not bicarbonated levels. The augmenta-
tion of both distal sodium delivery and distal sodium
avidity, and with it sodium-hydrogen exchange, seen
in the present ADH study, is probably the same
mechanism that maintains the plasma bicarbonate
concentration in the normal range in patients with
this syndrome. These studies also suggest that in
patients with hyperchioremic metabolic acidosis, in
whom volume depletion has resulted from protracted
diarrhea or previous diuretic therapy, net distal so-
dium-cation exchange will probably be diminished
and both hydrogen and potassium excretion im-
paired. Repletion of volume in such patients would
appear to be a prerequisite to the augmentation of
potassium and net acid excretion.
These studies are consistent with the thesis that the
rate of excretion of a hydrochloric acid load is regu-
lated by the quantity of sodium reaching the distal
tubule and the concomitant avidity of the distal tu-
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